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(54) CYLINDER APPARATUS

(57) A cylinder device (1) according to the present
invention includes: a cylinder (2); a piston (3) slidably
inserted into the cylinder (2); a rod (4) inserted into the
cylinder (2) and connected to the piston (3); a rod-side
chamber (5) and a piston-side chamber (6) partitioned
by the piston (3) within the cylinder (2); a first on-off valve

(9) provided in the middle of a first passage (8) allowing
the rod-side chamber (5) to communicate with the piston-
side chamber (6); a second on-off valve (11) provided in
the middle of a second passage (10) allowing the piston-
side chamber (6) to communicate with the tank (7); and
a pump (12) for supplying liquid to the rod-side chamber
(5).



EP 2 330 302 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to an improved
cylinder device.

DESCRIPTION OF THE RELATED ART

[0002] This type of cylinder devices is conventionally
known to be applied to, for example, a railroad vehicle
to suppress vibrations in lateral direction relative to an
advancing direction of a vehicle body by being interposed
between the vehicle body and a truck.
[0003] Such a cylinder device is disclosed, for exam-
ple, in Japanese Patent Application Laid-Open No.
2005-7944 or 2006-137294, and is constituted as a dou-
ble-rod type, including, as shown in Fig. 6, a cylinder 100,
a piston 101 slidably inserted into the cylinder 100, a rod
102 inserted into the cylinder 100 with a middle portion
thereof being connected to the piston 101, and a hydrau-
lic circuit 105 for selectively supplying pressure oil to one
of two working chambers 103 and 104 partitioned by the
piston 101 within the cylinder 100.
[0004] More specifically, the hydraulic circuit 105 in-
cludes a two-way discharge pump 107 normally and re-
versely rotated by a motor 106, a pair of flow passages
108 and 109 connecting the pump 107 to the working
chambers 103 and 104 respectively, on-off valves 110
and 111 provided respectively in the middle of the flow
passages 108 and 109, an accumulator 112 performing
volumetric compensation in oil temperature change or
the like, and a low-pressure priority shuttle valve 113 con-
nected to the flow passages 108 and 109 in parallel to
the pump 107 to connect the low-pressure side of the
working chambers 103 and 104 to the accumulator 112.
[0005] Therefore, when the rod 102 in this cylinder de-
vice is driven, for example, to the left, the pump 107 is
driven to supply the pressure oil to the flow passage 109,
and the on off valves 110 and 111 are opened. The pres-
sure oil is then supplied to the right working chamber 104
to press the piston 101 to the left, whereby the rod 102
is driven to the left. The rod 102 can be driven to the right
by reversely rotating the pump 107.

DISCLOSURE OF THE INVENTION

[0006] According to the cylinder device disclosed in
Japanese Patent Application Laid-Open No. 2005-7944
or 2006-137294 as described above, active control of
suppressing vibrations of the vehicle body with exertion
of thrust can be performed to secure a satisfactory ride
quality.
[0007] However, the above-mentioned cylinder device
must be configured to prevent both ends of the rod from
submerging in the cylinder during stroking due to its dou-
ble-rod structure, or the rod length (the axial length of the
rod) must be set twice or more the cylinder length (the

axial length of the cylinder) if the axial length of the piston
and a rod guide provided at both ends of the cylinder to
pivotally support the rod is ignored. The resulting extend-
ed overall length of the cylinder device leads to a draw-
back in terms of mountability on various vehicles includ-
ing railroad vehicle.
[0008] Further, although it is necessary to rapidly dis-
charge gas within the working chambers out of the cyl-
inder since entrapment of gas into the working chambers
or penetration of gas which was originally blended into
oil to the working chambers as bubbles during decom-
pression disables development of on-target thrust due to
the compressibility of the gas and causes deterioration
of the responsiveness to thrust generation, the conven-
tional cylinder device configured to simply introduce and
discharge oil to and from each working chamber during
operation has a structure difficult to spontaneously dis-
charge the gas out of the working chambers by the op-
eration of the device.
[0009] Therefore, the assembling process of the cyl-
inder device requires consideration for high-level deaer-
ation of the oil to be injected as occasion demands, in
addition to assembling in oil or assembling under vacu-
umed environment and, at any rate, the cylinder device
has a drawback on the productivity and requires an in-
creased cost. Further, the cylinder device is forced to be
periodically maintained, since the gas cannot be spon-
taneously discharged once entrapped into the working
chambers as described above, and the only way to re-
cover the performance is a maintenance involving disas-
sembling or the like. Therefore, the cost burden can be
increased also in terms of maintenance, in addition to
the necessity of labor hour.
[0010] In the cylinder device, further, a low-pressure
priority shuttle valve is provided within the circuit to avoid,
in operation of the cylinder device, staying of pressure
within the cylinder or negative pressure in the low-pres-
sure side working chamber and further to stabilize the
generated thrust by allowing the low-pressure side work-
ing chamber to communicate with an accumulator,. How-
ever, the valve element of this low-pressure priority shut-
tle valve collides on a valve seat and rattles with each
switching of the working direction of the cylinder device,
and this harsh rattling noise can give a sense of discom-
fort or uneasiness to vehicle occupants.
[0011] Moreover, an expensive drive source is needed
since high responsiveness in switching of rotating direc-
tion is required for the drive source of the pump which is
driven in two ways, and the two-way discharge pump
itself is also expensive since use of a pump which causes
fluctuations of discharge capacity as little as possible in
switching of rotating direction is needed to accurately
suppress the vibration. Therefore, the overall economic
efficiency of the cylinder device is also problematic.
[0012] The present invention has been achieved to im-
prove the above-mentioned drawbacks, and one of the
objects of the present invention is to improve the mount-
ability on vehicles of a cylinder device. Another object of
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the present invention is to attain improvement in produc-
tivity and reduction in cost in terms of manufacturing and
maintenance of the cylinder device. A further object of
the present invention is to improve the calmness of the
cylinder device, and an additional object of the present
invention is to improve the economic performance of the
cylinder device.
[0013] To attain the above-mentioned objects, a cylin-
der device according to the present invention includes:
a cylinder; a piston inserted slidably into the cylinder; a
rod inserted into the cylinder and connected to the piston;
a rod-side chamber and a piston-side chamber parti-
tioned by the piston within the cylinder; a tank; a first on-
off valve provided in the middle of a first passage allowing
the rod-side chamber to communicate with the piston-
side chamber; a second on-off valve provided in the mid-
dle of a second passage allowing the piston-side cham-
ber to communicate with the tank; and a pump for sup-
plying liquid to the rod-side chamber.
[0014] According to the cylinder device of the present
invention, the stroke length can be easily secured, com-
pared with the double-rod cylinder device, since it is set
to a single-rod type, and the overall length of the cylinder
device can be reduced to improve the mountability on
various vehicles including railroad vehicle.
[0015] Further, since the liquid supplied from the pump
and carried by expanding and contracting operation in
this cylinder device is circulated to successively pass
through the rod-side chamber and the piston-side cham-
ber and finally return to the tank, and gas, if entrapped
into the rod-side chamber or the piston-side chamber,
can be spontaneously discharged to the tank by the ex-
panding and contracting action of the cylinder device, the
deterioration of the responsiveness to thrust generation
can be prevented.
[0016] Therefore, since the manufacture of the cylin-
der device can be performed without constraints as as-
sembling in liquid or assembling under vacuumed envi-
ronment, and the high-level deaeration of liquid is also
dispensed with, the reduction in manufacturing cost can
be attained in addition to the improvement in productivity.
[0017] Further, since the gas, even if entrapped into
the rod-side chamber or the piston-side chamber, is
spontaneously discharged to the tank by the extending
and contracting operation of the cylinder device, frequent
maintenance for performance recovery is also dispensed
with, and the labor hour and cost burden in terms of main-
tenance can be also reduced.
[0018] Furthermore, since the liquid flow is circulated
to successively pass through the rod-side chamber and
the piston-side chamber and finally return to the tank as
described above, staying of pressure within the rod-side
chamber and the piston-side chamber is never caused,
and the low-pressure priority shuttle valve for thrust sta-
bilization is dispensed with. Consequently, the cylinder
device is improved in the calmness without the problem
of rattling of the low-pressure priority shuttle valve, and
can be mounted on a vehicle without giving a sense of

unpleasant or uneasiness to the vehicle occupants.
[0019] Additionally, since the pump discharges only in
one direction without capacitive fluctuations in rotation
switching, an inexpensive pump can be employed, and
since the high responsiveness in switching of rotating
direction is not required for the motor that is the driving
source of the pump, an inexpensive motor can be em-
ployed. Consequently, the cylinder device is reduced in
the cost as the whole, and improved in the economic
efficiency.
[0020] This cylinder device, when forcedly extended
and contracted by external force, can behave as a damp-
er by stopping the drive of the pump, and can suppress
the vibration of a vibration control object by semiactive
control typified by skyhook semiactive control, as well as
suppressing the vibration of the vibration control object
by the active control by the behavior as actuator. Thus,
since the cylinder device can be controlled by selecting,
of the active control and the semiactive control, the one
most suitable to vibration suppression according to the
vibration mode, the vibration suppressing effect on the
vibration control object is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a circuit diagram of a cylinder device ac-
cording to one embodiment of the present invention;
Fig. 2 is a circuit diagram of a cylinder device ac-
cording to a modified example of the one embodi-
ment;
Fig. 3 is a circuit diagram of a cylinder device in an-
other modified example of the one embodiment;
Fig. 4 is a circuit diagram of a cylinder device in an
additional modified example of the one embodiment;
Fig. 5 is a circuit diagram of a variable relief valve;
Fig. 6 is a circuit diagram of a cylinder device in the
background art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] A cylinder device 1 according to one embodi-
ment is basically constituted as a single-rod cylinder de-
vice, as shown in Fig. 1, which includes a cylinder 2; a
piston 3 inserted slidably into the cylinder 2; a rod 4 in-
serted into the cylinder 2 and connected to the piston 3;
a rod-side chamber 5 and a piston-side chamber 6 par-
titioned by the piston 3 within the cylinder 2; a tank 7; a
first on-off valve 9 provided in the middle of a first passage
8 allowing the rod-side chamber 5 to communicate with
the piston-side chamber 6; a second on-off valve 11 pro-
vided in the middle of a second passage 10 allowing the
piston-side chamber 6 to communicate with the tank 7;
and a pump 12 for supplying liquid to the rod-side cham-
ber 5. The rod-side chamber 5 and the piston-side cham-
ber 6 are filled with liquid such as hydraulic oil, and the
tank 7 is filled with gas in addition to the liquid. The inside
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of the tank 7 does not have to be in a pressurized state
particularly by filling the gas with pressure.
[0023] Basically, the cylinder device 1 can be driven
to extend by laying the first passage 8 in a communicating
state by the first on-off valve 9 and driving the pump 12
with the second on-off valve 11 being closed, and the
cylinder device 1 can be driven to contract by laying the
second passage 10 in a communicating state and driving
the pump 12 with the first on-off valve 9 being closed.
[0024] Each of components of the cylinder device will
be then described in detail. The cylinder 2 has a cylindri-
cal shape with the right end in Fig. 1 being closed by a
lid 13, and an annular rod guide 14 being attached to the
left end in Fig. 1. The rod 4 to be inserted movably into
the cylinder 2 is inserted slidably into the rod guide 14.
One end of the rod 4 is protruded out of the cylinder 2,
and the other end within the cylinder 2 is connected to
the piston 3 similarly inserted slidably into the cylinder 2.
[0025] The gap between the outer circumference of
the rod 4 and the cylinder 2 is sealed by a seal member
not shown, whereby the inside of the cylinder 2 is main-
tained in a sealed state. The rod-side chamber 5 and the
piston-side chamber 6 partitioned by the piston 3 within
the cylinder 2 are filled with hydraulic oil as the liquid as
described above.
[0026] In this cylinder device 1, the sectional area of
the rod 4 is set to a half of the sectional area of the piston
3, so that the pressure receiving area on the rod-side
chamber 5 side in the piston 3 is a half of the pressure
receiving area on the piston-side chamber 6 side. Thus,
if the pressure of the rod-side chamber 5 is the same in
both extending drive and contracting drive, thrust forces
generated by both extension and contraction are equal
to each other, and the flow rate to the displacement of
the cylinder device 1 is also equalized on both extension
and contraction sides.
[0027] More specifically, when the cylinder device 1 is
driven to extend, the rod-side chamber 5 is in communi-
cation with the piston-side chamber 6 to equalize the
pressures within the rod-side chamber 5 and the piston-
side chamber 6 to each other, and a thrust obtained by
multiplying the pressure receiving area difference be-
tween the rod-side chamber 5 side and the piston-side
chamber 6 side in the piston 3 by the above-mentioned
pressure is generated, and when the cylinder device 1
is driven to contract reversely, a thrust obtained by mul-
tiplying the pressure of the rod-side chamber 5 by the
pressure receiving area on the rod-side chamber 5 side
in the piston 3 is generated since the communication be-
tween the rod-side chamber 5 and the piston-side cham-
ber 6 is interrupted, and the piston-side chamber 6 is in
communication with the tank 7. The generated thrust of
the cylinder device 1 thus corresponds to a value ob-
tained by multiplying a half of the sectional area of the
piston 3 by the pressure of the rod-side chamber 5 in
both the extension and the contraction. Therefore, the
thrust of the cylinder device 1 can be controlled by con-
trolling the pressure of the rod-side chamber 5 in both

the extending drive and the contracting drive. In that re-
gard, since the pressure receiving area on the rod-side
chamber 5 side in the piston 3 is set to a half of the pres-
sure receiving area on the piston-side chamber 6 side,
the following advantages are provided: the control is sim-
plified when the same thrust is generated on both ex-
tending side and contracting side since the pressure of
the rod-side chamber 5 is the same on both the extending
side and the contracting side and, in addition, the same
responsiveness is secured on both the extending side
and contracting side since the flow rate to displacement
is the same. Even if the pressure receiving area on the
rod-side chamber 5 side in the piston 3 is not set to a half
of the pressure receiving area on the piston-side cham-
ber 6 side, the thrusts on both the extending and con-
tracting sides of the cylinder device 1 can be controlled
by the pressure of the rod-side chamber 5.
[0028] A lid 13 for closing the left end of the rod 4 and
the right end of the cylinder 2 in Fig. 1 includes an at-
tachment portion not shown, so that the cylinder device
1 can be interposed between a vehicle body and an axle
in a vehicle.
[0029] The rod-side chamber 5 and the piston-side
chamber 6 are allowed to communicate with each other
by the first passage 8, and the first on-off valve 9 is pro-
vided in the middle of the first passage 8. The first pas-
sage 8 may be provided in the piston 3 although the com-
munication between the rod-side chamber 5 and the pis-
ton-side chamber 6 is performed outside the cylinder 2.
[0030] The first on-off valve 9 is composed of a sole-
noid on-off valve in this embodiment, including a valve
9a which includes a communicating position 9b for open-
ing the first passage 8 to allow the rod-side chamber 5
to communicate with the piston-side chamber 6 and an
interrupting position 9c for interrupting the communica-
tion of the rod-side chamber 5 with the piston-side cham-
ber 6; a spring 9d which biases the valve 9a so as to be
located at the interrupting position 9c; and a solenoid 9e
which switches the valve 9a to the communicating posi-
tion 9b against the spring 9d in current-carrying.
[0031] The piston-side chamber 6 and the tank 7 are
allowed to communicate with each other by the second
passage 10, and the second on-off valve 11 is provided
in the middle of the second passage 10. The second on-
off valve 11 is composed of a solenoid on-off valve in this
embodiment, including a valve 11a which includes a com-
municating position 11b for opening the second passage
10 to allow the piston-side chamber 6 to communicate
with the tank 7 and an interrupting position 11c for inter-
rupting the communication of the piston-side chamber 6
with the tank 7; a spring 11d which biases the valve 11a
so as to be located at the interrupting position 11c; and
a solenoid 11e which switches the valve 11a to the com-
municating position 11b against the spring 11d in current-
carrying.
[0032] The pump 12 is driven by a motor 15 in this
embodiment. The pump 12 is configured to discharge
liquid only in one direction with a discharge port being
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allowed to communicate with the rod-side chamber 5 by
a supply passage 16 and a suction port being allowed to
communicate with the tank 7, so that it sucks, when driven
by the motor 15, liquid from the tank 7 and discharges
the liquid to the rod-side chamber 5. The pump 12 is free
from problems such as the change in discharge quantity
in rotation switching since it only discharges the liquid in
one direction without the switching operation of rotating
direction as described above, and an inexpensive gear
pump or the like can be employed. Further, since the
rotating direction of the pump 12 is regularly constant,
no high responsiveness to rotation switching is required
for the motor 15 as the drive source for driving the pump
12, and an inexpensive one can be used as the motor
15 to this extent.
[0033] A check valve 17 is provided in the middle of
the supply passage 16 to arrest the backflow of the liquid
from the rod-side chamber 5 to the pump 12.
[0034] In this embodiment, the rod-side chamber 5 is
connected to the tank 7 through a passage 18, and a
relief valve 19 is provided in the middle of the passage
18 to open the passage 18 at a preset valve opening
pressure.
[0035] The relief valve 19 is configured so that, when
the pressure of the rod-side chamber 5 on the upstream
side of the passage 18 to be applied onto a valve element
19a exceeds the valve opening pressure, a thrust result-
ing from the above-mentioned pressure which presses
the valve element 19a in the direction of opening the pas-
sage 18 overcomes the biasing force of the spring 19b
biasing the valve element 19a in the direction of inter-
rupting the passage 18 to retreat the valve element 19a,
whereby the passage 18 is opened.
[0036] The relief valve 19 opens the passage 18, if the
pressure of the rod-side chamber 5 exceeds the valve
opening pressure due to an extending/contracting-direc-
tional excessive input to the cylinder device 1, regardless
of the opening and closing state of the first on-off valve
9 and the second on-off valve 11, to allow the rod-side
chamber 5 to communicate with the tank 7, whereby the
pressure within the rod-side chamber 5 is released to the
tank 7 to protect the overall system of the cylinder device
1.
[0037] The operation of the thus-constituted cylinder
device 1 will be then described.
[0038] When the cylinder device 1 is operated as ac-
tuator, thrusts on both extending and contracting sides
of the cylinder device 1 can be controlled by controlling
the pressure of the rod-side chamber 5 as described
above.
[0039] As one of concrete methods, the thrust of the
cylinder device 1 can be controlled to a desired value by
on/off- controlling the first on-off valve 9 and the second
on-off valve 11 to adjust the pressure of the rod-side
chamber 5.
[0040] If a desired extending directional thrust is to be
obtained while extending the cylinder device 1, for ex-
ample, the motor 15 is driven with the first on-off valve 9

being at the communicating position 9b to supply the liq-
uid from the pump 12 into the cylinder 2. Thus, the liquid
is supplied from the pump 12 to both the rod-side cham-
ber 5 and the piston-side chamber 6 which are in com-
munication with each other to press the piston 3 to the
left in Fig. 1, whereby the cylinder device 1 develops ex-
tending operation. Along with this operation, the second
on-off valve 11 is opened and closed to adjust the pres-
sure of the rod-side chamber 5 so that the value obtained
by multiplying the pressure of the rod-side chamber 5 by
the pressure receiving area difference between the pis-
ton-side chamber 6 side and the rod-side chamber 5 side
in the piston 3 is equalized to the desired thrust. Since
the pressure of the piston-side chamber 6 is equal to the
pressure of the rod-side chamber 5, the pressure of the
piston-side chamber 6 is also controlled by controlling
the pressure of the rod-side chamber 5.
[0041] That is, the thrust in the extending direction of
the cylinder device 1 can be obtained as designed by
opening the second on-off valve 11, when the pressure
of the rod-side chamber 5 is too high to obtain the desired
thrust, to release the pressures of the piston-side cham-
ber 6 and the rod-side chamber 5 to the tank 7, and clos-
ing the second on-off valve 11, when the pressure of the
rod-side chamber 5 is too low to obtain the desired thrust
to the contrary, to raise the pressures of the piston-side
chamber 6 and the rod-side chamber 5 through the liquid
supply from the pump 12. Therefore, this control can be
performed by sensing the pressure of only the rod-side
chamber 5.
[0042] Further, even as the contraction of the cylinder
device 1 by external force, a desired extending-direction-
al thrust opposing it can be obtained by on/off-controlling
the second on-off valve 11 in a state where the liquid is
supplied from the pump 12 into the cylinder 2 by driving
the motor 15 with the first on-off valve 9 being at the
communicating position 9b similarly to the case where
the extending-directional thrust is obtained with exten-
sion. Since the cylinder device 1 is in a state in which it
exerts no thrust more than external force in this case, it
is only necessary to cause the cylinder device 1 to func-
tion as damper. Therefore, the desired thrust can be ob-
tained even by on/off-controlling the second on-off valve
11 with the first on-off valve 9 being at the communicating
position 9b while stopping the liquid supply from the pump
12.
[0043] On the other hand, if a desired contracting-di-
rectional thrust is to be obtained while contracting the
cylinder device 1, the motor 15 is driven with the second
on-off valve 11 being at the communicating position 11b
to supply the liquid from the pump 12 into the cylinder 2.
Along with this operation, the first on-off valve 9 is opened
and closed to adjust the pressure of the rod-side chamber
5 so that the value obtained by multiplying the pressure
of the rod-side chamber 5 by the pressure receiving area
of the rod-side chamber 5 side in the piston 3 is equalized
to the desired thrust.
[0044] That is, the thrust in the contracting direction of
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the cylinder device 1 can be obtained as designed by
opening the first on-off valve 9, when the pressure of the
rod-side chamber 5 is too high to obtain a desired thrust,
to release the pressure of the rod-side chamber 5 to the
tank 7 through the opened second passage 10, and clos-
ing the first on-off valve 9, when the pressure of the rod-
side chamber 5 is too low to obtain the desired thrust to
the contrary, to raise the pressure of the rod-side cham-
ber 5 through the liquid supply from the tank 12.
[0045] Further, even as the extension of the cylinder
device 1 by external force, a desired contracting-direc-
tional thrust opposing it can be obtained by on/off-con-
trolling the first on-off valve 11 in a state where the liquid
is supplied from the pump 12 into the cylinder 2 by driving
the motor 15 with the second on-off valve 11 being at the
communicating position 11b to supply the liquid from the
pump 12 into the cylinder 2, similarly to the case where
the contracting-directional thrust is obtained with con-
traction. In this case, since the cylinder device 1 is in a
state where it exerts no thrust more than external force,
it is only necessary to cause the cylinder device 1 to func-
tion as damper. Therefore, the desired thrust can be ob-
tained even by on/off-controlling the first on-off valve 9
with the second on-off valve 11 being at the communi-
cating position 11b while interrupting the liquid supply
from the pump 12.
[0046] The cylinder device 1 fulfills the function as ac-
tuator in this manner. Since this cylinder device 1 is set
to the single-rod type, the stroke length can be easily
secured, compared with the double-rod cylinder device,
and the overall length of the cylinder device can be re-
duced to improve the mountability on various vehicles
including railroad vehicle.
[0047] Since the liquid flow supplied from the pump 12
and carried by extending and contracting operation in
this cylinder device 1 is circulated to successively pass
through the rod-side chamber 5 and the piston-side
chamber 6 and finally return to the tank 7, and gas, even
if entrapped into the rod-side chamber 5 or the piston-
side chamber 6, can be spontaneously discharged to the
tank 7 by the expanding and contracting operation of the
cylinder device 1, the deterioration of the responsiveness
to thrust generation can be prevented.
[0048] Accordingly, since the manufacture of the cyl-
inder device 1 can be performed without constraints such
as assembling in liquid or assembling under vacuumed
environment, and the high-level deaeration of liquid is
also dispensed with, the reduction in manufacturing cost
can be attained in addition to the improvement in produc-
tivity.
[0049] Further, since the gas, even if entrapped into
the rod-side chamber 5 or the piston-side chamber 6, is
spontaneously discharged to the tank 7 by the extending
and contracting operation of the cylinder device 1, fre-
quent maintenance for performance recovery is also dis-
pensed with, and the labor hour and cost burden in terms
of maintenance can be reduced.
[0050] Furthermore, since the liquid flow is circulated

to successively pass through the rod-side chamber 5 and
the piston-side chamber 6 and finally return to the tank
7 as described above, staying of pressure within the rod-
side chamber 5 and the piston-side chamber 6 is never
caused, and the low-pressure priority shuttle valve for
thrust stabilization is dispensed with. Consequently, the
cylinder device 1 is improved in the calmness without the
problem of rattling of the low-pressure priority shuttle
valve, and can be mounted on a vehicle without giving a
sense of unpleasant or uneasiness to the vehicle occu-
pants.
[0051] Additionally, since the pump 12 discharges only
in one direction without capacitive fluctuations in rotation
switching, an inexpensive pump 12 can be employed,
and since the high responsiveness in switching of rotating
direction is not required for the motor 15 that is the driving
source of the pump 12, an inexpensive motor 15 can be
employed. Consequently, the cylinder device 1 is re-
duced in the cost as the whole, and improved in the eco-
nomic efficiency.
[0052] This cylinder device 1, when forcedly extended
and contracted by external force, can behave as a damp-
er by stopping the drive of the pump 12, and can suppress
the vibration of a vibration control object by semiactive
control typified by skyhook semiactive control, as well as
suppressing the vibration of the vibration control object
by the active control by the behavior as actuator. Thus,
since the cylinder device 1 can be controlled by selecting,
of the active control and the semiactive control, the one
most suitable to vibration suppression according to the
vibration mode, the vibration suppressing effect on the
vibration control object is improved. When the cylinder
device 1 is operated as the damper to execute the sky-
hook semiactive control, the cylinder device 1 is control-
led to exert a thrust obtained by multiplying a skyhook
damping factor by a relative speed of the cylinder 2 and
the rod 4 of the cylinder device 1 when the vibrating di-
rection of the vibration control object is matched to the
relative direction of the cylinder device 1, and to minimize
the thrust of the cylinder device 1 as much as possible
when the vibrating direction of the vibration control object
is differed from the relative direction of the cylinder device
1. Thus, the control can be performed by on/off-control-
ling the first on-off valve 9 and the second on-off valve
11 so as to satisfy the above-mentioned condition, and
the thrust of the cylinder device 1 can be minimized by
locating both the first on-off valve 9 and the second on-
off valve 11 at the communicating positions 9b and 11b.
[0053] In this embodiment, further, since the check
valve 17 is provided in the middle of the supply passage
16 on the downstream of the pump 12, the backflow of
the liquid from the rod-side chamber 5 to the pump 12 is
arrested even if the cylinder device 1 is forcedly extended
and contracted by external force. Thus, even in a situation
such that the torque of the motor M is insufficient for the
thrust, a thrust more than the thrust by the torque of the
motor M can be obtained by opening and closing the first
on-off valve 9 and the second on-off valve 11 to operate
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the cylinder device 1 as damper.
[0054] As the second of concrete methods for operat-
ing the cylinder device as actuator, the thrust of the cyl-
inder device can be controlled to a desired value by ad-
justing the pressure of the rod-side chamber 5 through
control of the torque of the motor 15. In this case, the
check valve 17 provided in the supply passage 16 can
be abolished as in a cylinder device 1a as one modified
example of the one embodiment shown in Fig. 2.
[0055] If a desired extending-directional thrust force is
to be obtained while extending the cylinder device 1a,
the motor 15 is driven with the first on-off valve 9 being
at the communicating position 9b and the second on-off
valve 11 being at the interrupting position 11c to supply
the liquid from the pump 12 into the cylinder 2. Thus, the
liquid is supplied from the pump 12 to both the rod-side
chamber 5 and the piston-side chamber 6 which are in
communication with each other to press the piston 3 to
the left in Fig. 2, whereby the cylinder device 1a develops
extending operation. Along with this operation, the torque
of the motor 15 is adjusted to control the pressure of the
rod-side chamber 5 so that the value obtained by multi-
plying the pressure of the rod-side chamber 5 by the pres-
sure receiving area difference between the piston-side
chamber 6 side and the rod-side chamber 5 side in the
piston 3 is equalized to the desired thrust. In this case,
since the pump 12 is driven by the torque of the motor
15, and receives the pressure of the rod-side chamber
5, the pressure of the rod-side chamber 5 can be con-
trolled by adjusting the torque of the motor 15 which is
proportional to the discharge pressure of the pump 12.
[0056] That is, the thrust in the extending direction of
the cylinder device 1a can be obtained as designed by
reducing the torque of the motor 15, when the pressure
of the rod-side chamber 5 is too high to obtain a desired
thrust, to reduce the pressure of the rod-side chamber
5, and increasing the torque of the motor 15, when the
pressure of the rod-side chamber 5 is too low to obtain
the desired thrust to the contrary, to raise the pressure
of the piston-side chamber 6 and the rod-side chamber
5. Thus, this control can performed by directly sensing
the torque of the motor 15 or sensing the current carried
to a winding wire of the motor 15 to obtain the generation
torque of the motor 15.
[0057] Further, even as the contraction of the cylinder
device 1a by external force, a desired extending-direc-
tional thrust opposing it can be obtained by adjusting the
torque of the motor 15 with the first on-off valve 9 being
at the communicating position 9b and the second on-off
valve 11 being at the interrupting position 11c, similarly
to the case where the extending-directional thrust is ob-
tained with extension. In this case, the motor 15 is never
driven to reversely rotate since the motor 15 is regularly
instructed to normally rotate the pump 12 in spite of the
reverse rotation of the motor 15 and the pump 12. Further,
since the cylinder device 1a is in a state where it exerts
no thrust more than external force, it is only necessary
to cause the cylinder device 1a to function as damper.

Therefore, the desired thrust can be obtained even by
on/off-controlling the second on-off valve 11 with the first
on-off valve 9 being at the communicating position 9b
while interrupting the liquid supply from the pump 12.
[0058] On the other hand, if a desired contracting-di-
rectional thrust is to be obtained while contracting the
cylinder device 0a, the motor 15 is driven with the first
on-off valve 9 being at the interrupting position 9c and
the second on-off valve 11 being at the communicating
position 11b to supply the liquid from the pump 12 into
the cylinder 2. Along with this operation, the torque of the
motor 15 is adjusted to control the pressure of the rod-
side chamber 5 so that the value obtained by multiplying
the pressure of the rod-side chamber 5 by the pressure
receiving area on the rod-side chamber 5 side in the pis-
ton 3 is equalized to the desired thrust.
[0059] That is, the thrust in the contracting direction of
the cylinder device 1a can be obtained as designed by
reducing the torque of the motor 15, when the pressure
of the rod-side chamber 5 is too high to obtain the desired
thrust, to reduce the pressure of the rod-side chamber
5, and increasing the torque of the motor 15, when the
pressure of the rod-side chamber 5 is too small to obtain
the desired thrust, to raise the pressure of the rod-side
chamber 5.
[0060] Further, even as the extension of the cylinder
device 1a by external force, a desired contracting-direc-
tional thrust force opposing it can be obtained by adjust-
ing the torque of the motor 15 with the first on-off valve
9 being at the interrupting position 9c and the second on-
off valve 11 being at the communicating position 11b,
similarly to the case where the contracting-directional
thrust is obtained with contraction. In this case, since the
cylinder device 1a in a state where it exerts no thrust
more than external force, it is only necessary to cause
the cylinder device 1a to function as damper. Therefore,
the desired thrust force can be obtained even by on/off-
controlling the first on-off valve 9 with the second on-off
valve 11 being at the communicating position 11b while
interrupting the liquid supply from the pump 12.
[0061] In the above-mentioned control, when the cyl-
inder device 1a is set to necessarily behave as the damp-
er with the extending and contracting direction of the cyl-
inder device 1a being reverse to the direction of thrust,
the check valve 17 provided in the supply passage 16
does not have to be abolished since it is better to arrest
the backflow of liquid to the pump 12, and this control
can be applied also to a one provided with the check
valve 17 as the cylinder device 1 shown in Fig. 1.
[0062] The cylinder device 1a can fulfill the function as
actuator also by controlling the torque of the motor 15,
and can produce various function effects in the cylinder
device 1 of the one embodiment described above since
it has the same principle of thrust generation with in-
creased variations of control method.
[0063] This cylinder device 1a also, when forcedly ex-
tended and contracted by external force, can behave as
a damper and can suppress the vibration of a vibration
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control object by semiactive control, as well as suppress-
ing the vibration of the vibration control object by the ac-
tive control by the behavior as actuator.
[0064] Next, a cylinder device 1b as the other modified
example of the one embodiment shown in Fig. 3 is de-
scribed. In the cylinder device 1b of the other modified
example, the passage 18 and the relief valve 19 in the
cylinder device 1 of the one embodiment are abolished,
the rod-side chamber 5 is connected to the tank 7 through
a discharge passage 21 instead, and a variable relief
valve 22 capable of changing valve opening pressure is
provided in the middle of the discharge passage 21.
[0065] The variable relief valve 22 includes a valve el-
ement 22a provided in the middle of the discharge pas-
sage 21; a spring 22b which biases the valve element
22a to interrupt the discharge passage 21; and a propor-
tional solenoid 22c which generates a thrust opposed to
the spring 22b in current-carrying, and can adjust the
valve opening pressure by adjusting the current to be
carried to the proportional solenoid 22c.
[0066] The variable relief valve 22 is configured so that,
when the pressure of the rod-side chamber 5 on the up-
stream side of the discharge passage 21 to be applied
onto the valve element 22a exceeds a relief pressure,
the resultant force of a thrust resulting from the above-
mentioned pressure which presses the valve element
22a in the direction of opening the discharge passage 21
and a thrust by the proportional solenoid 22c overcomes
the biasing force of the spring 22b biasing the valve el-
ement 22a in the direction of interrupting the discharge
passage 21 to retreat the valve element 22a, whereby
the discharge passage 21 is opened.
[0067] In the variable relief valve 22, the thrust gener-
ated by the proportional solenoid 22c can be increased
by increasing the amount of current to be supplied to the
proportional solenoid 22c, and the valve opening pres-
sure is minimized when the current is supplied to the
proportional solenoid 22c to a maximum extent, and max-
imized when no current is supplied to the proportional
solenoid 22c.
[0068] The variable relief valve 22 is configured to
open the discharge passage 21, if the pressure of the
rod-side chamber 5 exceeds the valve opening pressure
due to excessive extending-directional input to the cylin-
der device 1b, regardless of the opening and closing state
of the first on-off valve 9 and the second on-off valve 11,
to allow the rod-side chamber 5 to communicate with the
tank 7 to release the pressure in the rod-side chamber 5
to the tank 7, whereby the overall system of the cylinder
device 1b is protected.
[0069] Since the cylinder device 1b of this embodiment
is provided with the variable relief valve 22, the thrust of
the cylinder device 1b, when caused to operate as actu-
ator, can be controlled by controlling the pressure of the
rod-side chamber 5 through adjustment of the valve
opening pressure of the variable relief valve 22, in addi-
tion to the above-mentioned two concrete methods. That
is, the pressure of the rod-side chamber 5 is controlled

by the variable relief valve 22, and the direction of thrust
is determined by the first on-off valve 9 and the second
on-off valve 11.
[0070] If a desired extending-directional thrust is to be
obtained while extending the cylinder device 1b, for ex-
ample, the motor 15 is driven with the first on-off valve 9
being at the communicating position 9b and the second
on-off valve 11 being at the interrupting position 11c to
supply the liquid from the pump 12 into the cylinder 2.
Along with this operation, the current of the proportional
solenoid 22c is adjusted to control the valve opening
pressure so that the value obtained by multiplying the
valve opening pressure of the variable relief valve 22 by
the pressure receiving area difference between the pis-
ton-side chamber 6 side and the rod-side chamber 5 side
in the piston 3 is equalized to the desired thrust.
[0071] That is, since the variable relief valve 22 is
opened, when the pressure of the rod-side chamber 5
that is equal to the pressure of the piston-side chamber
6 exceeds the valve opening pressure of the variable
relief valve 22, to release the pressures of the piston-side
chamber 6 and the rod-side chamber 5 to the tank 7, and
the variable relief valve 22 is closed, when the pressure
of the rod-side chamber 5 is below the valve opening
pressure of the variable relief valve 22, to raise the pres-
sure of the piston-side chamber 6 and the rod-side cham-
ber 5 through the liquid supply from the pump 12, the
pressure of the piston-side chamber 6 and the rod-side
chamber 5 is consequently controlled to the valve open-
ing pressure of the variable relief valve 22, whereby the
thrust in the extending direction of the cylinder device 1b
can be obtained as designed. Thus, this control can be
performed by acquiring a relationship between the cur-
rent of the proportional solenoid 22c and the valve open-
ing pressure in the variable relief valve 22, and open-
loop control can be performed. Further, feedback control
may be performed by use of a current loop while sensing
the current-carrying amount to the proportional solenoid
22c, and the feedback control can be performed also by
sensing the pressure of the rod-side chamber 5.
[0072] Further, even as the contraction of the cylinder
device 1b by external force, a desired extending-direc-
tional thrust opposing it can be obtained by adjusting the
valve opening pressure of the variable relief valve 22 in
a state where the liquid is supplied from the pump 12 into
the cylinder 2 by driving the motor 15 with the first on-off
valve 9 being at the communicating position 9b and the
second on-off valve 11 being at the interrupting position
11c, similarly to the case where the extending-directional
thrust is obtained with extension. In this case, since the
cylinder device 1b is in a state where it exerts no thrust
more than external force, it is only necessary to cause
the cylinder device 1b to function as damper. Therefore,
the desired thrust can be obtained even by controlling
the valve opening pressure of the variable relief valve 22
with the first on-off valve 9 being at the communicating
position 9b and the second on-off valve 11 being at the
interrupting position 11c while interrupting the liquid sup-
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ply from the pump 12.
[0073] On the other hand, if a desired contracting-di-
rectional thrust is to be obtained while contracting the
cylinder device 1b, the motor 15 is driven with the first
on-off valve 9 being at the interrupting position 9c and
the second on-off valve 11 being at the communicating
position 11b to supply the liquid from the pump 12 into
the cylinder 2. Along with this operation, the amount of
current of the proportional solenoid 22c is adjusted to
control the valve opening pressure so that the value ob-
tained by multiplying the valve opening pressure of the
variable relief valve 22 by the pressure receiving area on
the rod-side chamber 5 side in the piston 3 is equalized
to the desired thrust.
[0074] That is, since the variable relief valve 22 is
opened, when the pressure of the rod-side chamber 5
exceeds the valve opening pressure of the variable relief
valve 22, to release the pressure to the tank 7, and the
variable relief valve 22 is closed, when the pressure of
the rod-side chamber 5 is below the valve opening pres-
sure of the variable relief valve 22, to raise the pressure
of the rod-side chamber 5 through the liquid supply from
the pump 12, the pressure of the rod-side chamber 5 is
consequently controlled to the valve opening pressure
of the variable relief valve 22, whereby the thrust in the
extending direction of the cylinder device 1b can be ob-
tained as designed. The piston-side chamber 6 never
interferes with the contracting operation of the cylinder
device 1b since it is allowed to communicate with the
tank 7 by the communicating position 11b of the second
on-off valve 11.
[0075] Further, even as the extension of the cylinder
device 1b by external force, a desired contracting-direc-
tional thrust opposing it can be obtained by adjusting the
valve opening pressure of the variable relief valve 22 in
a state where the liquid is supplied from the pump 12 into
the cylinder 2 by driving the motor 15 with the first on-off
valve 9 being at the interrupting position 9c and the sec-
ond on-off valve 11 being at the communicating position
11b, similarly to the case where the contracting-direc-
tional thrust is obtained with contraction. In this case,
since the cylinder device 1b is in a state where it exerts
no thrust more than external force, it is only necessary
to cause the cylinder device 1b to function as damper.
Therefore, the desired thrust can be obtained even by
controlling the valve opening pressure of the variable re-
lief valve 22 with the first on-off valve 9 being at the in-
terrupting position 9c and the second on-off valve 11 be-
ing at the communicating position 11b while interrupting
the liquid supply from the pump 12.
[0076] In the cylinder device 1b of the other modified
example, since the variable relief valve 22 is provided in
the middle of the discharge passage 21 allowing the rod-
side chamber 5 to communicate with the tank 7, the thrust
can be controlled by controlling the valve opening pres-
sure of the variable relief valve 22, in addition to the con-
trol methods of the cylinder devices 1 and 1a of the one
embodiment and the one modified example thereof, so

that the function as actuator can be fulfilled. The cylinder
device 1b can provide various function effects in the cyl-
inder device 1 of the above-mentioned embodiment since
it has the same principle of thrust generation with in-
creased variations of the control method.
[0077] Additionally, since the magnitude of thrust can
be controlled by controlling the valve opening pressure
of the variable relief valve 22, the advantage that the
thrust of the cylinder device 1b can be adjusted, without
particular sensing of other state quantities, only by ac-
quiring the amount of current to be supplied to the pro-
portional solenoid 22c and the valve opening pressure
can be enjoyed.
[0078] Further, this cylinder device 1b also, when forc-
edly extended and contracted by external force, can be-
have as a damper by stopping the drive of the pump 12
to adjust the thrust by controlling the valve opening pres-
sure of the variable relief valve 22, and thus can suppress
the vibration of the vibration control object by skyhook
semiactive control, as well as suppressing the vibration
of the vibration control object by the active control by the
behavior as actuator. In the skyhook semiactive control,
the thrust of the cylinder device 1b can be minimized by
locating both the first on-off valve 9 and the second on-
off valve 11 at the communicating positions 9b and 11b.
[0079] Successively, a cylinder device 1c as an addi-
tional modified example of the one embodiment shown
in Fig. 4 is described. In this cylinder device 1c, the first
on-off valve 9 and the second on-off valve 11 of the cyl-
inder device 1b of the other modified example of the one
embodiment are replaced by a first on-off valve 23 and
a second on-off valve 24 respectively.
[0080] The first on-off valve 23 is composed of a sole-
noid on-off valve in this embodiment, including a valve
23a including a communicating position 23b for opening
the first passage 8 to allow the rod-side chamber 5 to
communicate with the piston-side chamber 6 and an in-
terrupting position 23c for permitting only the flow from
the piston-side chamber 6 to the rod-side chamber 5; a
spring 23d which biases the valve 23a to be located at
the interruption position 23c; and a solenoid 23e which
switches the valve 23a to the communicating position
23b against the spring 23d in current-carrying.
[0081] The second on-off valve 24 provided in the mid-
dle of the second passage 10 is composed of a solenoid
on-off valve in this embodiment, including a valve 24a
including a communicating position 24b for opening the
second passage 10 to allow the piston-side chamber 6
to communicate with the tank 7 and an interrupting po-
sition 24c for permitting only the flow from the tank 7 to
the piston-side chamber 6; a spring 24d which biases the
valve 24a to be located at the interruption position 24c;
and a solenoid 24e which switches the valve 24a to the
communicating position 24b against the spring 24d in
current-carrying.
[0082] According to such a structure, in a state where
the first on-off valve 23 is located at the interrupting po-
sition 23c and the second on-off valve 24 is located at
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the interrupting position 24c, the cylinder device 1c, when
forcedly extended and contracted by external force, be-
haves as a damper the damping force of which is adjusted
by the variable relief valve 22. More specifically, when
the cylinder device 1c is extended, the capacity of the
piston-side chamber 6 is extended to suck the liquid from
the tank 7 through the interrupting position 24c of the
second on-off value 24, while the rod-side chamber 5 is
compressed to discharge the liquid to the tank 7 through
the discharge passage 21. The damping force of sup-
pressing the extension of the cylinder device 1c is devel-
oped by presenting a resistance to this flow of liquid in
the discharge passage 21 by the variable relief valve 22.
When the cylinder device 1c is compressed reversely,
the piston-side chamber 6 is compressed to cause the
liquid in the piston-side chamber 6 to flow into the ex-
tending rod-side chamber 5 through the interrupting po-
sition 23c of the first on-off valve 23, and the surplus liquid
within the cylinder 2 which corresponds to the penetrating
volume of the rod 4 into the cylinder 2 is discharged to
the tank 7 through the discharge passage 21. The flow
of liquid is a one-way flow circulating in order through the
piston-side chamber 6, the rod-side chamber 5 and the
tank 7, and the damping force of suppressing the com-
pression of the cylinder device 1c is developed by pre-
senting a resistance, when the liquid discharged from the
cylinder 2 by the extending and contracting operation of
the cylinder device 1c is passed through the discharge
passage 21, to this flow of liquid by the variable relief
valve 22. That is, the cylinder device 1c behaves as a
uniflow damper when both the first on-off valve 23 and
the second on-off valve 24 are located at the interrupting
positions 23c and 24c.
[0083] In this cylinder device 1c, since the valves 23a
and 24a of the first on-off valve 23 and the second on-
off valve 24 are pressed by the springs 23d and 24d and
located respectively at the interrupting positions 23c and
24c in the event of current-carrying failure, and the var-
iable relief valve 22 behaves as a pressure control valve
with the valve opening pressure being maximized, the
device 1c can automatically behave as a passive damper
in the event of failure such as current-carrying failure.
Since the damping forces generated in both extension
and contraction can be equalized, if the piston speed is
the same in both the extension and the contraction, by
setting the pressure receiving area on the rod-side cham-
ber 5 side in the piston 3 to a half of the pressure receiving
area on the piston-side chamber 6 side, the thus-config-
ured cylinder device 1, particularly, can be most suitably
applied to a vibration control object having no polarity in
vibrating direction such as relative vibrations of a vehicle
body and a truck in railroad vehicle.
[0084] In this case, namely, the interrupting position
23c of the first on-off valve 23 behaves as a flow straight-
ening passage which permits only the flow of liquid from
the piston-side chamber 6 to the rod-side chamber 5 in
cooperation with the first passage 8, and the interrupting
position 24c of the second on-off valve 23 behaves as a

suction passage which permits only the flow of liquid from
the tank 7 to the piston-side chamber 6 in cooperation
with the second passage 10. The flow straightening pas-
sage may adopt a structure in which a passage allowing
the piston-side chamber 6 to communicate with the rod-
side chamber 5 is provided independently from the first
passage 8 with a check valve being provided in the middle
of the passage, although it can be consolidated to the
interrupting position 23c of the first on-off valve 23 and
the first passage 8, and may be provided, for example,
on the piston 3. The suction passage may also adopt a
structure in which a passage allowing the piston-side
chamber 6 to communicate with the tank 7 is provided
independently from the second passage 10 with a check
valve being provided in the middle of the passage, al-
though it can be consolidated to the interrupting position
24c of the second on-off valve 24 and the second pas-
sage 10, and may be provided, for example, on the lid 13.
[0085] In this cylinder device 1c, further, the rod-side
chamber 5 is connected to the tank 7 through a limiting
passage 25, and an orifice 26 is provided in the middle
of the limiting passage 25 to present a resistance to the
flow of liquid passing therethrough.
[0086] When the cylinder device 1c is assembled, the
cylinder device 1c is operated to extend and contract as
it is in a uniflow damper state by closing the first on-off
valve 23, the second on-off valve 24 and the variable
relief valve 22 to circulate the liquid to the cylinder 2 and
the tank 7 through the limiting passage 25, whereby de-
aeration of the cylinder 2 can be performed by discharg-
ing liquid with the probability of gas entrapment to the
tank 7 and sucking liquid free from the probability of gas
entrapment from the tank 7 to the cylinder 2. That is, the
limiting passage 25 behaves as a deaerating passage,
so that the flow rate passing through the limiting passage
25 is largely limited, in general operation, by the orifice
26 as resistance, and the loss in passage of the liquid
through the limiting passage 25 is minimized when the
cylinder device 1c is caused to function as actuator.
When the cylinder device 1c behaves as damper in the
event of failure, the damping force may be generated by
the orifice 26 in cooperation with the variable relief valve
22 and, further, development of damping force can be
surely performed by the orifice 26 alone in a state such
that the variable relief valve 22 cannot be opened. The
above-mentioned limiting passage 25 and orifice 26 can
be provided within the circuit of each of the cylinder de-
vices 1, 1a and 1b of the above-mentioned embodiments.
[0087] The cylinder device 1c of the other embodiment
can be controlled to operate as actuator by the same
method as that of the above-mentioned cylinder device
1b. That is, the magnitude and direction of thrust may be
controlled only by on/off-control of the first on-off valve
23 and the second on-off valve 24, or the direction of
thrust may be controlled by the first on-off valve 23 and
the second on-off valve 24 while controlling the magni-
tude of thrust by the torque control of the motor 15, or
the direction of thrust is controlled by the first on-off valve
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23 and the second on-off valve 24 while controlling the
magnitude of thrust by the valve opening pressure of the
variable relief valve 22.
[0088] When the cylinder device 1c is caused to be-
have as the damper in compressing operation, a desired
thrust can be obtained by interrupting the liquid supply
from the pump 12 and controlling the valve opening pres-
sure of the variable relief valve 22 with the second on-
off valve 24 being at the interrupting position 24c. Since
the first on-off valve 23 permits the flow of liquid from the
piston-side chamber 6 to the rod-side chamber 5 by the
interrupting position 23c, and allows contraction of the
cylinder device 1c even when it is located at the inter-
rupting position 23c, the first on-off valve 23 can be lo-
cated at any of the communicating position 23b and the
interrupting position 23c when the cylinder device 1c is
caused to perfectly behave as a passive damper without
skyhook semiactive control which will be described be-
low. Similarly, when the cylinder device 1c is caused to
behave as the damper in extending operation, a desired
thrust can be obtained by interrupting the liquid supply
from the pump 12 and controlling the valve opening pres-
sure of the variable relief valve 22 with the first on-off
valve 23 being at the interrupting position 23c. Since the
second on-off valve 24 permits the flow of liquid from the
tank 7 to the piston-side chamber 6 by the interrupting
position 24c, and allows extension of the cylinder device
1c even if it is located at the interrupting position 24c, the
second on-off valve 24 can be located at any of the com-
municating position 24b and the interrupting position 24c
when the cylinder device 1c is caused to perfectly behave
as a passive damper without the skyhook semiactive con-
trol to be described below.
[0089] The cylinder device 1c of the other modified ex-
ample also can fulfill the function as actuator, since the
variable relief valve 22 is provided in the middle of the
discharge passage 21 allowing the rod-side chamber 5
to communicate with the tank 7, by optionally selecting
one of the control methods of the cylinder devices 1, 1a
and 1b of the above-mentioned embodiments. The cyl-
inder device 1c can develop various function effects in
the cylinder device 1 of the one embodiment described
above since it has the same structure of thrust generation
as the cylinder device 1 with increased variations of con-
trol method.
[0090] Additionally, since the magnitude of thrust can
be similarly controlled by controlling the valve opening
pressure of the variable relief valve 22, the advantage
that the thrust of the cylinder device 1b can be adjusted
without particular sensing only by acquiring the amount
of current to be supplied to the proportional solenoid 22c
and the valve opening pressure can be enjoyed also in
this case.
[0091] Further, the cylinder device 1c, when forcedly
extended and contracted by external force, can be
caused to behave as a passive uniflow damper without
control of the first on-off valve 23 and the second on-off
valve 24 since the flow straightening passage and the

suction passage are not particularly provided, and can
surely develop the damper function in the event of cur-
rent-carrying failure.
[0092] The cylinder device 1c can behave as the ac-
tuator by driving the pump 12 and also as the damper by
stopping the drive of the pump 12 to adjust the thrust
through control of the valve opening pressure of the var-
iable relief valve 22. Therefore, this cylinder device can
suppress the vibration of the vibration control object not
only by the active control by the behavior as actuator but
also by the skyhook semiactive control.
[0093] In the skyhook semiactive control, when the
thrust of the cylinder device 1c is minimized in extending
operation, the first on-off valve 23 is located at the com-
municating position 23b, and the second on-off valve 24
are located at the interrupting position 24c, and when the
thrust of the cylinder device 1c is minimized in contracting
operation, the first on-off valve 23 is located at the inter-
rupting position 23c, and the second on-off valve 24 is
located at the communicating position 24b respectively.
[0094] When the skyhook semiactive control is per-
formed, the damping force can be exerted in extending
operation to suppress it by locating the first on-off valve
23 at the interrupting position 23c and locating the second
on-off valve 24 at the communicating position 24c, and
if only the extending and contracting direction of the cyl-
inder device 1c is switched without switching of the vi-
brating direction of the vibration control object, the damp-
ing force of the cylinder device 1c is minimized or the
vibration control object is never excited since the first on-
off valve 23 is at the interrupting position 23c and the
second on-off valve 24 is at the communicating position
24c. In compression operation, to the contrary, the damp-
ing force can be exerted to suppress it by locating the
first on-off valve 23 at the communicating position 23b
and locating the second on-off valve 24 at the interrupting
position 24b, and if only the extending and contracting
direction of the cylinder device 1c is switched without
switching of the vibrating direction of the vibration control
object, the damping force of the cylinder device 1c is
minimized or the vibration control object is never excited
since the first on-off valve 23 is at the communicating
position 23c and the second on-off valve 24 is at the
interrupting position 23b.
[0095] Accordingly, in the cylinder device 1c of this em-
bodiment, the operation load on the skyhook semiactive
control is reduced, and the control of the first on-off valve
23 and the second on-off valve 24 is simplified, since the
control device 1c mechanically conforms the damping
force to zero in the skyhook semiactive control, without
polarity determination by the Carnap’s theory when the
vibrating direction of the vibration control object is differed
from the relative direction of the cylinder device 1.
[0096] In this embodiment, further, an outer cylinder
27 is provided on the outer circumference of the cylinder
2, and the tank 7 is provided between the cylinder 2 and
the outer cylinder 27. By providing the tank 7 between
the cylinder 2 and the outer cylinder 27, the limiting pas-

19 20 



EP 2 330 302 A1

12

5

10

15

20

25

30

35

40

45

50

55

sage 25 and the orifice 26 can be provided in the upper
thickness in Fig. 4 of the cylinder 2, whereby when the
cylinder device 1c is horizontally placed as shown in the
drawing, the gas entrapped into the cylinder 2 can be
rapidly discharged to the tank 7 to enjoy the advantage
that the deterioration in responsiveness of the cylinder
device 1c can be instantaneously resolved. It is a matter
of course that the outer cylinder 27 can be applied to
each of the above-mentioned embodiments.
[0097] Further, the variable relief valve 22 in the above-
mentioned cylinder devices 1b and 1c can be changed
to a variable relief valve 30 shown in Fig. 5. The variable
relief valve 30 of Fig. 5 includes a proportional solenoid
31; a damping passage 32 connected to the middle of
the discharge passage 21; a relief passage 33 juxta-
posed with the damping passage 32; a selector valve
element 34 biased to open the damping passage 32 and
set to close the damping passage 32 in current-carrying
to a proportional solenoid, the selector valve element pre-
senting a resistance to the flow of liquid when the damp-
ing passage is opened; and a relief valve element 35
biased to close the relief passage 33, the valve opening
pressure of which is reduced according to the current-
carrying amount in the current-carrying to the proportion-
al solenoid.
[0098] More specifically, a pushrod 36 extending to-
ward the relief valve element 35 is connected to the se-
lector valve element 34, and when current is carried to
the proportional solenoid 31, the selector valve element
34 is pressed by the proportional solenoid 31 and
switched to an interrupting position, and the pushrod 36
is allowed to abut on the relief valve element 35, whereby
the thrust of the proportional solenoid 31 can be applied
onto the relief valve element 35.
[0099] Since the thrust of the proportional solenoid 31
acts on the relief valve element 35 oppositely to the spring
37 biasing the relief valve element 35, the valve opening
pressure of the relief valve element 35 can be controlled
by adjusting the current-carrying amount to the propor-
tional solenoid 31.
[0100] That is, when no current is carried to the pro-
portional solenoid 31, the variable relief valve 30 behaves
as a throttle valve since the selector valve element 34
opens the damping passage 32 to present a resistance
to the flow of hydraulic oil passing therethrough, and the
relief valve element 35 with the valve opening pressure
being maximized opens the relief passage 33, in re-
sponse to an excessive input, to fulfill the relief function.
[0101] On the other hand, when current is supplied to
the proportional solenoid 31, the relief valve element 35
opens the relief valve 33 at the valve opening pressure
adjusted according to the current-carrying amount to the
proportional solenoid 31, since the selector valve ele-
ment 34 interrupts the damping passage 32, to fulfill the
relief function.
[0102] The magnitude of the thrust as actuator of the
cylinder devices 1b and 1c can be controlled also by use
of such a proportional solenoid variable relief valve 30 to

respond to both the active control and the semiactive
control. Further, since this valve behaves as a throttle
valve in the event of failure, the cylinder device 1c, when
this valve is applied to the cylinder device 1c, can behave
as a passive damper which develops a damping force
by the variable relief valve 30 behaving as the throttle
valve. Thus, the damping characteristics in the event of
failure can be set not to the characteristics of the relief
valve but to characteristics depending on various throttle
valves, and damping forces further suitable to vibrations
of railroad vehicle can be exerted.
[0103] Having described the present invention as re-
lated to the embodiments, the scope of the present in-
vention is never limited by the details shown in the draw-
ings or described herein.

INDUSTRIAL USABILITY

[0104] The present invention can be applied to, for ex-
ample, cylinder devices to be mounted on various vehi-
cles including railroad vehicle.

Claims

1. A cylinder device including: a cylinder; a piston slid-
ably inserted into the cylinder; a rod inserted into the
cylinder and connected to the piston; a rod-side
chamber and a piston-side chamber partitioned by
the piston within the cylinder; a tank; a first on-off
valve provided in the middle of a first passage allow-
ing the rod-side chamber to communicate with the
piston-side chamber; a second on-off valve provided
in the middle of a second passage allowing the pis-
ton-side chamber to communicate with the tank; and
a pump for supplying liquid to the rod-side chamber.

2. The cylinder device according to claim 1, wherein a
discharge passage is provided to connect the rod-
side chamber to the tank, and a variable relief valve
capable of changing valve opening pressure is pro-
vided in the middle of the discharge passage.

3. The cylinder device according to claim 2, wherein
thrust is controlled by controlling the valve opening
pressure of the variable relief valve.

4. The cylinder device according to claim 1 or 2, where-
in the second on-off valve is opened and closed, in
an extending operation for protruding the rod from
the cylinder by the liquid supplied from the pump,
while maintaining the first on-off valve in an opened
state to thereby control the thrust in the extending
direction, while the first on-off valve is opened and
closed, in a compressing operation for penetrating
the rod into the cylinder by the liquid supplied from
the pump, while maintaining the second on-off valve
in an opened state to thereby control the thrust in
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the compressing direction.

5. The cylinder device according to claim 1 or 2, where-
in the pump is driven by a motor, and the thrust is
controlled by controlling the torque of the motor.

6. The cylinder device according to any one of claims
1 to 5, which further includes a suction passage per-
mitting only the flow of liquid from the tank to the
piston-side chamber and a flow straightening pas-
sage permitting only the flow of liquid from the piston-
side chamber to the rod-side chamber.

7. The cylinder device according to any one of claims
1 to 6, which further includes a limiting flow passage
connecting the rod-side chamber to the tank and in-
cluding an orifice provided in the middle thereof.

8. The cylinder device according to any one of claims
1, 2, 3, 4, 6 and 7, wherein a check valve is provided
between the pump and the rod-side chamber to ar-
rest the flow of liquid from the rod-side chamber to
the pump.

9. The cylinder device according to any one of claims
1 to 8, wherein the tank is formed by an annular gap
between the cylinder and an outer cylinder covering
the cylinder.

10. The cylinder device according to any one of claims
2 to 9, which is controlled according to a control law
optionally selected from active control and semiac-
tive control by connecting the cylinder to one of a
vehicle body and a truck in a railroad vehicle, and
connecting the rod to the other of the vehicle body
and the truck.

11. The cylinder device according to any one of claims
2 to 10, wherein each of the first on-off valve and the
second on-off valve is composed of a solenoid on-
off valve, which is located at an interrupting position
by a spring in no-current carrying, and the variable
relief valve is composed of a solenoid variable relief
valve capable of adjusting valve opening pressure
by a proportional solenoid, the valve opening pres-
sure being maximized in no-current carrying.
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